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describes the engineering model design , and presents ion source,
expellant, and power processor test results.
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SATELLITE POSITIV E ION BEAM SYSTEM~

T. D. Masek ,~~ Hug hes Re search Laborator ies
• Malibu , Calif . ;

and H. A . Cohen ,t

Air Force Geophysics  Labo ra tory ,
Bedfo r d , Mass.

Abstract  The object is to make SPIBS an instrument
that can be used to create a number of different

The Satellite Positive Ion Beam Syste m spacecraf t  ground- to-ambient  p lasma potential differ—
(SPIBS) instrument is being developed as a cha rge  ences. Each of these d i ffe ren t  charge ejection modes
ejection payload for the Air Force Satellite P78- 2 includes a range of both emitted current  and part icle
(Satellit e Charg ing At Hig h Altitude).  SPIBS wil l  energy modes. With these choices , cont r ol L able by
allow controlled ejection of xenon ions as part of ground command , it is expected that SPIBS will be

V the systematic investigation of satellite charging,  used to swing the spacecraft  ground either positive or
Ion Beam currents of about 0 . 3 and 1. 0 mA are ne g ative with respec t to th e ambient plasma. In con-
obtained at a beam voltage of I kV ; currents of junction with other SCATHA pay loads , it will also be
about 0. 7 , 1. 4 , and 2 .0 mA are obtained at 2 kV . used to investi g at e a v a r i ety of t echniques of return-
Redundant filament neutra l izers  are provided to ing or maintaining spacecraf t  ground near the poten-
a llow full or partial beam neutralization and an t Ial  of the ambient p lasma . The majo r determinants
independent sou rce of elec tro ns . These neutral-  of SPIBS design come f rom two directions;  the mini-
izers  can be biased at t en levels f r om - 1 kV to mum p e r f o r m a n c e  sp eci f ica t i ons come f r o m an analy-

descr ibes the enginee r in g model desi gn , and pre- sy nchronous satell i tes ATS- 5 and ATS-6; 5.6 the
+1 kV with respect to satellite ground. This paper sis of published r esu l ts  of measure ment s on the

sents ion sou r ce , expellant , and power processor  SCATHA satell i te design then imposed the limitations
test r esults , on the maximum weig ht and power of SPIBS. The fact

that the des i gn , cons t ru cti on , and testing of SPIBS was
I. Introduction to occur concurrent l y with the desi gn of the entire

SCATHA pay load , p layed an important role in deter-
Measurements  made on satellites at mining the final form of SPIBS. Cer tain design fac-

synchronous altitude have shown that the surfaces tors had to be frozen early in the program to allow
of these spacecraft have occasionally become SPIBS to be included as a SCATHA pay load.
highly charged owing to energetic electrons in the
ambient. ~~~~ Spacecraft ground potentials of the
or der of ten s of kilovol t s re la t ive to th e ambient
p las ma have been seen , with the highest charg in g II . Requirements
occurring during the per iods  in which the space-
cr af t was not d i rect ly illuminated by the sun. T here  is a b od y of evidence that spacec raft
Observat ion s of the pe r fo rm an ce of equipment on photoelectron emission p lays a major role in deter-
sat ellites in synch r onou s orb it have indicated that mining the charging of sa te llites a t syn chrono u s orbi t
serious equipment damage occurs because of space- altitude. ’ To provide a mechanism to significantl y
craft charging. 3 A g eneral  program is now under-  change the SCATHA spacecraf t  ground potential during
way to study the ent ire spacec r af t cha rg ing per iods of so lar illuminat ion of the satellite , ion bea m
pheno menon .4 A specific part  of thi s p rogram is cur ren t  levels were chosen so as to be greater  than
the direct measurement at synchronous altitude of the maximum p hotoelectron emission expected from
the causes of , the resu lts of , and possible correc-  SCATHA spacecraf t  grounds.  The requirements  for
tive measures for , spacecraf t  charg ing. To make ion beam cur ren t  were  set at 0. 3 mA , I mA , and
th ese specific stu dies at synchr onou s altitude a grea ter than or equal to 2 mA . The upper value was
satellit e , SCATHA (Spacec r aft Cha rg in g at High chosen to provide a dyna mic range  for possible ion
Alti tude),  is to be put int o a nea r synchr onous beam cu r r e n t s consis ten t w ith powe r and weight limi-
orbit  during 1978. ta t ions . Other r equ i rements  are summarized  in

Table 1.
In addition to instrumentation to accuratel y

measure the ambient plasma 4 and spacecraft Ion beam part icle  energies of I and 2 keV were
charging,  th e sat ellit e pay load will include tw o specified to allow for a l a rge  swin g in spacecraf t
charged-part icle  ejection systems. It is p la nned potential . The specification for minimum operat ing
to u se these syst ems to invest iga te , in a con t rolled life t ime was f i r s t se t at 100 hou r s and , as the pro-
manner , the results of spacecraft- to-ambient-  gram developed , was increased  to 300 hours. Emp ha-
p las ma potent ial dif fe r ences , and methods of con- sis was p laced on the re quirement  that this l i fe t ime
trolling spacecraft  charging.  An electron gun is be achievable through a large number  of discrete
to b~ used to swing the vehicle positive or to re turn  operating periods . The relatively short opera t ing
the vehicle potential to ambient potential . The Sat- l ifetime requirement , coup led wi th the des i r e  to take
ellite Positive Ion Beam System , SPIBS , will  be all measures  possible  to avoid chemical  contamina-
used to emit electrons , bea ms of positive ions , or tion of SCATHA surfaces , led to the requi rement  that
beams cont ainin g both positive ions and e lec t rons,  a n ,b le gas be used as the source of ions .

*Thig work was supported under Air Force Contrac t  F 19628-76-C-0066 , Air  Force Systems
C om mand , Air Force Geop hysics Laboratory.

Head , Thruster  Sys tems Section
+ Program Manager
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Ta ble 1. SPIBS Pe r fo rmance  and Functional  The wei ght and power l i m i t a t i o n s  on SPIllS
Requ i r e ments  were  changed severa l  t imes  d u r i n g  the de s ign  and

________________________- tes t ing due to a v a r i e t y  of causes .  One cause was
Function/ Pa rameter Requ i remen t  the requirement  for  sa te l l i te  in t eg ra t ion ;  and the

othe r , the usual  one , the need for more power and
1. Ion eject ion weight to meet ambitious operational goals.  The

final  val ues which p layed a major role in SPIBSa . Ct r re nt range 0. 3 to 2 .0 mA design we re a packaged weight  of less than 7 .8 k g
b. Energy range 1 to 2 keV and an input power of less than 60 watts  dur ing

2 , Expellant type Noble gas s tar t up and less th an 30 watt s du r ing  nor mal
operation .

3, N eut ra l izer
In conformity with SPII3 S requirements , aa . Con t rol Operab le  with ion brea dboard model has been built and tested. Test V

beam on or  off
resu lt s indicat ing th at all func t iona l  requ irement s

b . Emission range 2 ~iA to 2 mA have been satisfied are described herein. Designs
for the eng inee r in g and f l ig ht models have beenc. Biasing —l kV to +1 kV completed along with tes t  resul t s  for certain engi-

4. Decel grid Avoid high voltage neering model (EM) components . The EM is cur-
su rfa ces exposed r ent ly in fabrication and will  be used as the
to space qu al i f ica t ion model .

5. Operating life 300 hours minimum III. SPIBS Instrument Description
6. On/Off cycles 200 cycles minimum

The requirements  and goals outlined in the7 . Wei ght 7 . 8 kg maximum previou s section led to the system shown schemat-
8. Input power 60 W maximum ical l y in Fig. 1. The basic system consists of an

• st a r t ing ;  30 W ion source assembl y ,  an expella nt assembl y, and
maximum operating a power processor . Xenon gas is delivered to the

9. Vacu um enclosure Pre- fl ig ht tes t in g porous p lug in the sou rce  at 20 psia through a V
and blowoff cove r p ressure  regulator and latching valve from a res-

ervoir in it ially char ged to about 900 psi g. Power
10 . External magnetic Less than 1 gauss at for the ion source valve , analog telemet ry , and

field 10 cm f rom source  command functions are provided by the power
processo r assembl y (P PA) .  T he PPA circuitry isV 11. EMI MI L STD 46 1 A packaged on conventional circuit cards within a

12 . Vi bration 20 g RMS random structural  enclosure. An ion source vacuum
_______________________ — enclosu r e , with a cover that is opened by use of

elec t roexp losive devices , provides protection for
the ion source prior to operation in space . This

A var ie ty  of d i f fe ren t  uses for  SPI BS is blowoff cover is desi gned to allow for complete
made poss ib le  b y i nc luding  a biasable  f i l amen t , ground checkou t of ion source and sys tem prior
which could be used as a beam and/or  spacecraf t  to launch.
neu t r a l i ze r when operated in conjunct ion with the
ion sou rce.  This  bj asable f i l amen t  can a lso  be

POWER PROCESSO R ION SOURCEused independen t l y as an elec tron source  and t h e r e -  SPRU CT U RAI  PACRWO E / POWER l INES REOISOIP
OVERfore as a satel l i te  n e u t r a l i z e r .  The maximum

emission cu rrent  required f rom this f i l amen t  is
2 mA , the maximum ion beam cur ren t  which had
to be ne u t ra l ized .  The minimum emission c u r -  I O N N E C T O R S E O A  -

~ INPul POWER ( I POWERren t , 2~sA , was chosen in order  to have a wide . E E V E M E T R V  ~~~~~ Ii PR OC ISSI A

dyna mic range of cont ro l lab le  emiss ion  l eve l s .  .C~’~M~~05 (ICCIII)NICS

D u r i n g  the SPIBS development the number  of con- T -

t ro l lab le  steps of ei ther f i lament  cur ren t  or bias , PRESSURE 
• —_— ‘s

was determined by weight , power and packa g in g 1RANS DUCER ~~$U~~ 
- V - 

~
cons idera t ions .  An exp licit decision was made to EE P E I I V ’ I I V S A P S

IREmeasu re not onl y the ion beam cur ren t  and the iWNE /cur ren t  emitted by the hea t ed f i la ment , bu t also -
~~ —_

the ne t cur ren t  emitted f rom SPIES. I c , ~aI 
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In order to m i n i m, e  in terference with
other SCATHA experiments , the SPIBS structure Fig.  I .  SPIBS func t iona l  block diagram .
exposed to the ambient p lasma had to be kept
close to spacec r af t  grou nd potential . This t rans- Ion thruster technology was used to develop
Iate d into the r equ i remen t  of a g rounded- su r face  the ion source in the areas of ion optics , ca thode ,
(dec e l  g r id )  following the ion accelerator grid,  d ischarge chamber , and exp el lan t  line hig h vol tage

isolation . Posi tive xenon ions extracted f rom a
One f u r t h e r  e l e m e n t  that contributed to the Penning- t yp e d i s c h a r g e  p lasma are acce le ra ted

f ina l  desig n of SPIBS w a s  the des i re  to be able to e lectrosta tical l y to h ig h ve locity. The d i scharge
opera te  the i n s t r u m e n t  du r ing  s p a c e c r a f t  in tegra-  is operated at the beam potential  to allow the ions
tio n and dur ing some s tages  of sa te l l i te  pre- launch to exit at nea r -g round  potent ia l .  In the d i scha rge
t e s t i n g .  To a l low (or th i s , a requi rement  was p l a sma , ions are  fo rmed  by co l l i s ions  between
imposed that SPIBS be des igned to operate in con- atoms and e lec t rons .  A convent ional  hollow cath-
j unc t ion  with a p o r t ab le  v a c u u m  pump in g sys tem , ode is used to g e n e r a t e  the electrons which are

2

A



then accelerated into the p lasma by means of the n e u t r a l i z e r  can be opera ted  without the ion beam.
d i scharge  vol tage . An axia l  magnet ic  f ield is used Five n e u t r a li z e r  e l ec t ron  emis s ion  levels  f rom
to res t r i c t  electron flow rad ia l ly and i nc rease  2 ~ A to 2 . 2 mA can be obtained.  For addit ional

• electron-atom col l i s ions .  Downs t ream of the ion f lex ib i l i ty  in stud y ing satel l i te  potent ial  control ,
accelerat ing gr ids  is a neu t r a l i ze r  in the fo rm of the n e u t r a l i z e r  can  be biased at ten levels f r o m
redundant ther rn ionical l y- emitt ing f i l a m e n t s .  -1000 to + 1000 V with respect  to satellite ground
Depending upon the sa te l l i te  exper iment  r equ i re -  ( t e l e m e t r y  r e t u r n ) .  The min imum operating l ife
ments , the n e u t r a l i z e r  could be used to neu t r a l i ze  and on/of f  cycle  r equ i remen t s  have been demon-
all or a f rac t ion  ( inc lud ing  zero)  of the ion beam . s t ra ted with the b readboard  sys tem, The expel-
The neutra l izer  can be b iased  to *1000 V to con t ro l  lant  r e s e rvo i r  is sized for 2000 hours of operation .
satellite potential re la t ive  to the space p lasma .

Command capabi l i ty  being implemented is
System Descr iption indicated in Table  ~~. A total  of 29 ground com-

mands  provides  g rea t  f l ex ib i l i ty in SPIES f l ig ht
A SPIBS schemat ic  d i a g r a m  is shown in operation , as we l l  as allowing for convenient

Fig. 2 to indicate the g e n e r a l  e lec t r ica l  in tercon-  g round  t e s t i ng .  The cathode can be heated at
nections between the ion source and PPA . Addi-  ei ther of two levels , cor responding  to initial con-
tional system func tions  and i n t e r f ace s  are i l lus -  di t ioning of a new cathode (level 2) or lower-
t ra ted in Fig. 3. These f i gu re s  show the locat ions power normal  s ta r tup  ( l eve l  1) . Commands  6
of key measurements , c u r r e n t  paths , and the and 7 tu rn  on the cathode keeper , beam , and
g rounding approach. Layout and i somet r ic  d raw-  accel  power supp l ies . For evaluation tes t ing ,
ings are presented in Fi gs . 4 and 5 r e spec t ive ly these supp l ies  can be t u r n e d  off separate ly by
to i l lustrate the SPIBS ins t rumen t  conf igu ra t ion , commands 10 and 28 r e spec t ive ly. Through com-
Overall  d imensions  of the package are 49 x 23 mands  16 and 17 . the n e u t r a l i z e r  heater supp ly
x 13 cm and the eng ineer ing  model weight is can be connec ted  to e i ther  of the redundant  fi la-
7 .4  kg. Several  f ea tu res  of the blowoff cover can ment s  as des i red .
be noted , including the open and clos~~d pos i t ions ,
and the ion beam col lector  to be used dur ing  Analog  t e l e m e t r y  outputs a re  provided as
ground checkout, shown in Table 4. These  eighteen Outputs allow a

r e l a t i v e l y comp lete eva lua t ion  of SPIES operation
V Major c h a r a c t er i s t i c s  of the SPIBS ins t ru-  and  p e r f o r m a n c e. Except  w h e r e  noted , the telem-

• ment are presented  in Table 2 . Ion c u r r e n t  r a n g e  e t r y  is expected to be accu ra t e  to ±5% Over the
and energy are consistent  with the r equ i r emen t s  n o r m a l  ope ra t ing  r ange .  Higher  accu racy  is pro-

- 
• 

discussed previous ly .  Input power levels shown vided f o r  the beam c u r r e n t  s ince this is one of the
are based on tes t ing exper ience  with the b r e a d -  most  impor t an t  m e a s u r e m e n t s. Two other impor-
board ion source and PPA . The ion source  can be t an t  m e a s u r e m e n t s, produced  by bipolar
operated with or without the n e u t r a l i z e r, and the e l e c t r o m e t e r s, a r e  p rov ided  b y channels  13 and 14.
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The e lec t rometers  a r e  des igned  to operate  between The CIP supports the k e e p e r , and i n t e r f a c e s  with ‘

-2 . 5 mA and +2 .  5 mA (p lus co r r e sponds  to a net the expel lant  a s s e m b l y. A pho tograph of the
e lec t ron  flow out of the f i l a m e n t) .  The bip o l ar  b r e a d b o a r d  ion source is shown in Fig.  7 and is
f ea tu r e  is r equ i red  only f o r  de tec t ing  the net c u r -  r e a s o n a b l y  r e p r e s e n t a t i v e  of the  eng i n e e r i n g
rent  to ground , but the two e l ec t rome te r s  a re  model  and f l i ght model  c o n f i g u r a t i o n s . The pho to
ident ica l  to simp lif y d e s i g n  and f a b r i c a t i o n,  For does not show the s i n g le ap er t u r e  in the decel
cu r r en t s  (pos i t i ve  or n e g a t i v e)  g r e a t e r  than 2 ~zA . gr i d , double shie lds  on optics i n s u l a t o r s , and
the electrometer outputs  wi l l  be a c c u r a t e  to ± l 0~’~ minor  f a b r i c a t i o n  d e t a i l s .
of the true c u r r e n t . In addit ion to the p r i m a r y
outputs def ining source  operat ion , t e l e m e t r y  is The ion s o u rc e  is an t i l i v e r e d  f r o m  th ree
also provided for expel lant  r e s e r v o i r  p r e s s ur e , i n s u l a t e d  f eed th roug hs a t t a c h e d  to the  v a c u u m
and PPA housekeeping. Not l i s ted in Table 4 a r e  e n c l o s u r e  endp late.  I h 1 - feed th roug hs are t i l t ed
two f lags  used for def ining bias  vol tage  po la r i t y ,  towards  the cen te r  l ine  of tI~I IV  source  at a 100
and blowoff cover posi t ion (open or c l o s e d) ,  ang le f o r m i n g  a r i g id con ica l  suppor t  base. This

c o n f i g u r a t i o n  a l l ows  the end plate to r ema in  smal l
Ion Source A s s e m b ly whi le  p rov id ing  s u f f i c i e n t  c l e a r a n c e  for the isola-

tor a s sembly ,  which  l i e s  wi th in  the conica l  space
The SPIBS ion source a s s e m b ly ( I S A) ,  as f o r m e d  b y the t h r e e  i n s u l a t o r s , N i n e  wi r ing  insu-

il lustrated in Fig. 6 , includes  the ion source  and la tor  f e e d thr o u g hs  a r e  a r r a n g e d  in a c i r cu la r
neut ra l izer  f i laments , and a vacuum enclosure  pa t t e rn  a round  the e n c l o s u r e  end p late. These a re
endp late. The major  e l emen t s  of the source a re  a l s o  t i l ted t owards  the ax i s  to a l low sput te r  shie lds
U )  ion optics with redundant  n e u t r a l i z e r  f i l a m e n t s , to be p laced  on the s o u r ce  end of the e l e c t r i c a l

J (2 )  source body which suppor t s  the magne t s  and fe e dt hr o u g hs .
anode , and (3 )  ca thode- i so la to r -porous  p lug ( C l i ’ .
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Fig .  4. SPIES layout drawing ,

Table 2 . SPIES Instrument  Character is t ics

PRESSURE Pa ramete r  Value
RESERVOIR TRANSDUCER

/ 1. Ion beam c u r r e n t , MA 0 , 3 to 2 . 0

P 
• 

CIRCUIT 2, Ion beam e n e r g y ,  KeV 1 and 2

\ ‘

~~~~ 

. / ‘ CARDS 3. Input power , W

~ I a, Maximum s t a r t  up 60

~~~~~
_ -~~J b. Beam of 1 mA at 1 kV 30

IONI ~~~~~~ SOURCE c, Beam of 2 mA at 2 kV 45

d . Full beam and biased 60
~R~~~

) 

V V 
neutralizer

4 . Nc- i:cr e :sion 

2 pA to 2 mA

~#ING
/ /~/j ~~~~~~~~~~~~~~~~~~~~ 5. N e utr a l i z : r  bias 

S

/ / - a. Voltage r ange  - 1  kV to +1 kV

VALVE / / b. Number of levels 10

I / 6, W e i g ht , k g 7 , 4
REGULATOR BLOWOFF - -

COVER (~ Size, cm 49 x 23 x 13

~~. Op e r a t i n g  life , H 300 minimum

Fi g .  ~‘ . SPIBS i s om e t r i c  d rawing .  9. On/ O f f  cyc les  200 minimum
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Fig .  6. Ion so u r ce  a s sembly layout  d r a w i n g .

1. 2 7  cn. and a d i a m e t e r  of 0. 1 8 mm  has been
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ found to combine  low heater  power,  adequa t e

em i s s i o n , and reasonable operati ~ temperature.

The cathode-isolator-porous plug ICIP)
s u b a s s e m b l y  makes  u se  of the technology devel-

V 
oped for the 8-cm m e r c u r y  t h r u s t e r .8’9 Xenon
gas flowrate to the source is de te rmined  mainly
by the porous plug, which reduces the pressure

- from 20 psia to a few Torr. The porous plug is
fabricated from tungsten with a density of 80%, is
0. 32 cm in d i ame te r,  and is about  0. 14 cm thick.
The p lug  is e lect ron-beam welded into a tantalum
hous ing ,  with the sides e lec t ron-beam sealed so

- that the gas fl~~ws th roug h the full plug thickness .

~~~~~~~~ The hi gh voltage isolato r cons i s t s  of an
A 12 03 outer  shell  f langed on both ends , wi th

L~ium~. a l t e rna t i ng  ce ramic  r i n g s  and s t a in le s s - s t ee l
- ~~~~~~~~ mesh  d i s k s  wi th in  the inner  passage .8’9 The d i s k s

f u n c t i o n  as b a r r i e r s  to electrons accelera ted by

—— ______ 
the e lec t r ic  field gradient .  Within each gap, the

-- 
~~~~~~~~~~~~~~~~~ applied fi eld grad ient is below the minimum

required for Paschen breakdown. The flanges
provide a means  fo r  at taching the isolator  to the

Fig .  7. Breadboard ion source photograph. porous plug (upstream) and the cathode
(downst ream) .

The ion op t i c s  des i gn i n c o r p o rat e s  severa l  The structural par t  of the isolator sub-

novel f e a t u r e s , i n c l u d i n g  a si ng l e - a p e r t u r e  steel  assembly  is the a lumina o u t e r  hous ing .  Since

decel g r id , and grap hi te  c reen  and accel  g rids ,  a lumina is capable of wi ths tand ing  v e r y  l imi t ed

Steel was selected for  the decel to r e d u c e  the bending or tens ion  loads , the isolator  is mounted

ex te rna l  m a g n e t i c  f ield .  Grap h i t e  was selected in compress ion. C o m p r e s s i v e  loading of the iso-
(o r the s c reen  and a c ce l  g r i ds  to m i n i m i z e  charge  lator h o u s i n g  is provided by the belleville washer

exchange s p u t t e ri n g .  A s i n g l e - a p e r t u r e  dece l  between the ups t ream f lange  of the isolator  and

gr id  was se lec ted  to m i n i m i z e  the  t r a p p ing  of the e n c l o s u r e  end pla te.

spu t t e r ed  accel m a te r i a l  s e hi c h  0 earl y tes ts  was
found  to c a u s e  a si g n i f i c a n t  b u i l d u p  on the dece l  The cathode d e s i g n  is i l l u s t r a t e d  in Fi g. 8.

and s u b s e q u e n t  sh o r t i n g .  The s c r c~-n and a c c e l  This cathode is s imi la r  to the 5-cm and 8-cm ion

supp l ies  can opE r at l  1111) a shor t ,  t h e r e f o r e  a th r u s t e r  ca thodes  wi th  a mod i f i ed  moun t,8’9 The

“ r e c y c l e ” or “hi g h v o l t a g e  t r i p ” i s  not in c l u d e d  cathode a s sembly is de s igned  to i n c l u de  a r een~
in the  PPA des i gn. t r an t  type m o u n t  wh ich  has the e f fe c t  of i n c r e a s i n g

the t h e r m a l  c o n d u c t i o n  path l e ng t h  and dcc  r E a s i n g

The n e u t r a l i z e r  f i l am e n t s  a r c  m o u n t e d  the t h e r m a l  loss .  rh ca thode  i s  moun ted  to one

from the dcccl g r i d  u s i n g  s h ie l d e d  in s u l a t o r s,  end of a c e n t r a l  p a s s a g e  t h r o u g h the (-nd p la te  of

The f i l a m e n t  m a t e ri a l  is t a n t a l u m  wi th  y t t r i u m  the s o u r c e  bod y. The other  end of the c e n t r a l

added to r e d u ce  b r i t t l l I I I s s . 7 A f i l a m e n t  l e n gt h  of pas sage  i s  a t t ached  to t he  i s o l a t o r .6
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Table 3. Command Capability

Command Func t ion

1. I n s t r u m e n t  on T u r n s  on i n s t r um e n t  power

2 , Ins t rumen t  off  T u r n s  off  a l l  i n s t rume n t  powe r

3 , Expellant valve open Opens solenoid va lve

4 . Expellant valve closed Closes  solenoid valve

5. Cathode heater preheat Turns on the cathode heater to Level 1 and
t u r n s  on discharge supp ly

6. Ion gun powe r on T u r n s  on the ion gun power

7 . Ion gun power off T u r n s  off the  ion gun power

8. Beam voltage Level 1 Sets the beam powe r supp ly to 1000 V

9. Beam voltage Level  2 Sets the beam powe r supp ly to 2000 V

10 . Keeper  off T u r n s  the keeper  supp ly off

11 . Discha rge  c u r r e n t  and Sets the d i s c h a r g e  c u r r e n t  r e f e r e n c e  to
neu t r a l i ze r  emission achieve  20 mA c u r r e n t ;  sets neu t r a l i z e r
Level 1 emission leve l  to 0, 4 mA

12 . Discharge  c u r r e n t  and Sets the d ischarge  c u r r e n t  r e f e r e n c e  to
neutralizer emission achieve 125 mA; sets n e u t r a l i z e r  emission
Level 2 level to 1 , 2 mA

13 . Discharge  c u r r e n t  and Sets the d i s c h a r g e  c u r r e n t  r e f e r e n c e  to
n e u t r a l i z e r  emission achieve 200 mA; sets neut r a l i ze r emiss ion
Level 3 level to 2 , 2 mA

14. N e u t r a l iz e r  emission Sets neut r a l i z e r  emiss ion  level to 2 p A
Level 4

15 . N e u t r a l iz e r  emi s s ion  Sets n e u t r a l i z er  e m i s s i o n  l eve l  to 20 g A
Level 5

16. N e u t r a l i z e r  N o .  I Selects n e u t r a l i z e r  fi l ament  N o . 1

17 . N e u t r a l i z e r  N o .  2 Se lec t s  n e u t r a l i z e r  f i l a m e n t  N o .  2

18 . N e u t r a l i z e r  hea t e r  on T ur n s  on the n e u t r a l i z e r  cathode h e a t e r  on

19. N e u t r a l i z e r  h e a t e r  off  T u r n s  off  the  n e u t r a l i z e r  h e a t e r

V 20 . N e u t r a l i z e r  bias off  T u r n s  off the  n e u t r a l i z e r  bias power  supp ly

21 , N e u t r a l i z e r  bias  p o s i t iv e  Sets the n e u t r a l i z e r  bias f o r  pos i t ive  polar i ty

22 . N e u t r a l i z e r  bias n e g a t i v e  Sets the n e u t r a l i z e r  bias f o r  n e g a t i v e  polar i t y

23 . N eut r a l i ze r  bias Leve l  I T u r n s  on the n e u t r a l i z e r  bias to 10 V

24 , N eu t ra l i ze r  bias Level  2 T u r n s  on the n e u t r a l i z e r  bias to 25 V

25 . N e u t r a l i z e r  bias Level  3 T u r n s  on the n e u t r a l i z e r  bias to 100 V

26 . N e u t r a l i z e r  bias Level  4 T u r n s  on the  n e u t r a l i z e r  bias to 500 \

27 . N e u t r a l i z e r  bias Level  5 T u r n s  on the n e u t r a l i z e r  bias to 1000 V

28 . High vo l tage  off  T u r n s  off  the  beam and a c c e l  power  supp lies

Z’~. Cathode cond i t i on ing  T u r n s  on the  ca thode  h e a t e r  to Leve l  2

‘t’In the SPIBS In strument, “In strument on /o f f ”  Is Imp lemented by connecting or
dIsconnect ing 28 = V input powe r ,

Expellant Assembly

The expellant assembly (EA) stores , regu-
The cathode Inser t  is made of oxide- late. , and delivers xenon to the ion source

impregnated porous tungsten.  Attachment to the assembly at a p r e s s u r e  of 20 *2 psia. At this
cathode tube is accomplished throug h four rh e-  p ressure  the porous plug in the C~~ limits the
nium wires tha t are brazed to the insert and spot flowrate to about 25 scclhr (25 mA equivalent) .
welded to the tube. This approach was selected A drawing of the EA is presented in Fi g. 9 to
after evaluation of rolled tantalum foil inserts  m d  Indicate the desi gn approach; individual compo-
other impregnated configurations.  rients are shown in Fi g, 10.

7
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Table 4 . Analog  O u t p u t s  ( T E l e m e t r y )  and R E S E R V O I R  FILL LATCHING R E G U L A T O R
A c t u a l  Va lue  fo r  Full  Scale ( 5  V I  F I T T I N G  V A L V E

A c t u a l  Value
Channel  f o r  5 V

N o . D e s c r i p t i o n  O u t pu t , ± 5%

Beam c u r r e n t  2 .5 m A I ± 2 ° (

2 Beam voltage 2500 V

3 D i s c h a r ge  c u r r e n t  250 mA P R E S S U R E
TRANSDUCER

4 D i s c h a r g e  vol tage  50 V

5 Keeper  c u r r e n t  250 mA
F i g .  9. E x pe l l a n t  a s s e m b l y d r a w i n g .

6 K e e p e r  hi gh voltage 1000 V

7 K e e p e r  low vol tage  50 V

8 Cathode hea te r  5 A T~~ ~~~~~
cu r r ’-n t  V

9 A c c e l  cu r  r e n t a 2 . 5 mA i_ V 
________

10 Dccc l  c u r r e n ta  2 , 5 mA _______________________________

13 N e u t r a l i z e r  2 .5 m A ( ± J 0 ~~)

11 N e u t r a l i z e r  h e a t e r  5A
cur  rent

12 N e u t r a l i z e r  bias 1000 V
voltage 

__________~~~~~~~

emiss ion~
14 SPIES net  2 , 5 mA (± 10%)

cur rentb

Fi g .  10. E x p e l l a n t  a s s e n lb l y component  p h o t o g r a p h .15 Tank p r e s s u re  1500 psia

16 Powe r p r o c e s s or  See calib
t e m p e r a t u r e  c u r v e  The r e s e r v o i r  is  m a n u f a c t u r e d  by

17 PPA AC i n v e r t e r  1 , 5 A A c c e s s o r y  P r o d u c t s  D i v i s i o n  of H yd rau l i c
R e s e a r c h  and M a n u f a c t u r i n g  and is a DOT ratedcur rent
c o m m e r c i a l  a i r c r a f t  par t .  When  f i l led  to 900 psi ,

18 PPA AC i n v e r t e r  50 \ th i s  r e s e r v o i r  con t a in s  about  50 s tandard  l i t e r s  of
vol tage xenon. At the des i gn f lowra te , t h i s  will p rov ide

__________ ____________________ __________ about  2000 h o u r s  of ope ra t ion .  At tached to the
r e s e r v o i r , as shown in Fi g. 9, is a f i t t i ng  usedaTO indica te  anomolous  condi t ion  fo r  f i l l i n g  and a p r e s s u r e  t r a n s d u c e r .  The sem i-

t h r e e  r a n g e s :  2 , 5 to 25 pA;  25 p A to conduc to r  type t r a n s d u c e r  is b u i l t  into a s tandard
sc rew  and is m a n u f a c t u r e d  by En t ran  Dev ices , Ixic.250 pA; 2 50 pA to 2 . 5 mA

The la tch ing  valve and p r e s s u r e  r e g u l a t o r
a re  m a n u f a c t u r e d  by Car le ton  Cont ro l s  Corpora-
t ion .  The l a t ch ing  valve r e q u i r e s  about  1. 0 A at
28 V to open and about 0. 1 A to c lose;  power is

V app lied for  100 m s .  The r eg u l a t o r  wi l l  con t ro l
RADIATION CATHOD f rom the i n i t i a l  p r e s s u r e  of 900 psi  down to less
SHIELD TUBE than 15 psi  (30 psia). Thus, v i r t u a l ly all the gas

in the r e s e r v o i r  can be u t i l i z e d ,

TIP AND INSERT MOUNT
Power  P r o c e s s o r  Assembly

The f u n c t i o n  of the power  p r o c e s s o r
as sembly (PPA)  is to opera te  and c o n t r o l  the ion
s our c e , opera te  the expe l l an t  valve , p rov ide
t e l e m e t r y  data , and accept  c o m m a n d s  f rom the
sa te l l i te .  This  s e c t i o n  d e s c r i b e s  t h e  des i gn b E I I 1 L ,
implemen ted  to m e et  the  r e q u i r e m e n t s  shown in

HEATER
Table 5 and the c h a r a c t e r i s t i c s  d i s c u s s e d  in pre-
vious  s e c t i o n s .  Si mp l i c i t y  low c o s t  and min i -
mum d e v e l o p m e n t  r i s k  have beem emp h a s i z E d .

A f u n c t i o n a l  block d i ag r a m  of the  J ’PA ,
F i g .  8. Cathode a s s e m bl y d e s ign .  shown in Fi g. 11 i n d i c a t e s  the  ge nI r l I l  power

8
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Table 5 . Power Supp ly Requirements

Ni, \ I I I I  CCI NI \ i I I I I I I I  V I p l o

Power  P o w e r  \‘u I I i ,  I 1 r l ow e r
Supp ly Sii pp l~ I~~ pe Re1 , t I , ,  ii, -

~~~~ 
- It g 

C
No . ~~~IiII~~ S (; aN!) , ( I I I r E ~~~I , 

V / , l t i , ~~,, Cl l r r . - , , I , V I C I S , , 
V 1

V A V A V

I Cathod, AC +2 000 4 5  , 0 0 I L oop . 0 I 4
H eat e r

~ Cat hode DC I~~001I Ii ~5 ” 0. 15 5 II) 0. 05 0 . ~ II)
Ke, 11 r

3 Oi , , cha r 5 1  DC +~ 000 0 tO 40 0 . I I  30 5 ( 1 )  0 0! ,, 0 .2 0  ( 1)

4 Bean ,  DC I ) I ~ i tH ~0üø I I I I ~~~ 10 1)0 5 (V I i i  t o  2000 I V ,

S A c , , l e  r u l u r  DC U I I 0 ~~ ~ 0O I ‘~~~ lOll 5 I V I  ‘
V t ~~~~~~~~~~~~

S Neut r , I , , e  r AC ± 100 0  1 ~ I t .  5 Loop I I  to 30 (1)
OI l I er

7 N r I I I C l I E o , r  *DC U N I ’ 1 1 1 1 1 1 )  I I l I ~~~ II S ( V  I ll )  tO .1000 V
O i a s 

~~~~~~ L ~~~~V±~~~

a 1000 V ~~~~~~ C ir c u i t

24 TO 34 Vdc __
.[~~~~~~~~~~1

TO PROPELLANT VALVE

LINE
REGULATOR y ’ p ~~~~~ T

(REGULATED) V I

25 KHz SYNC DISTRIBUTION CONTR0L~~~ 

TO LOAD

42V~~

SQ WAVE ~~~~~~~~ 
TO LOAD

CONTROL : ~~~~ SUPPLY TIM

ION GUN OFF 
TO LOAD

_________ TO LOAD
I” Y’ 42 Vdc - BEAM/ACCEL VT/M

COMMANDS / ~~
,_, SQ WAVE 

CONTROL~~~ ‘ T/M

V ——f ~~~~
”—
~—~ 

TO LOAD

CONTROL 

~~~~ SUPPLY 
CONTROL 0 

~~~~~~~~~~~~~~~~~~~~~~ 

T/M

TELEMETRY __
~~ 

CONTROLS REACTOR
BUFFERING 

___ 
REGULATED-

~ L~~~~~
S_ J

______  N 
T/M 

TO LOAD

ACTIVE
REGULATED

L~~~L_1
Fig.  11. Power  p r o ce s s o r  a s s e m b l y f u n c t i o n a l  b lock  d i a g r a m .
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p r o c e s s i n g  techni que . Input  power is f i r s t  r e g u -  The b readboa rd  PPA has been tes ted
lated at 2 1 V dc. A Z 5 - k l I 7 .  s q u a r e - w a v e  sy n c h r o-  aga ins t  the e l e c t r o m ag n e t i c  i n t e r f e r e n c e  ) E M I )
nized inverter then produces 42 V m i s  ac fo r  each r e q u i r e m e n t s  of M I L  S T I)  4 1,IA. Except for a
power supply. Saturable reactor-type power sup- few high frequ ency ranges, the SPIES unit m et
plies are generall y us ed , the conducted e m i s s i o n s  r e q u i r e m e n t s ;  t est s  for

inpu t  l ine  s u s cep t a b i l i t y  w e r e  also successful .
The m a j o r  f e a t u r e  of t h i s  d e s ig n  is the  Al thoug h the EMI characteris tics of the PPA may

ach i evemen t  of e l e c t r i c a l  i s o l a t i o n  b etween  the be sl i ght l y d i f f e r e n t  in the packaged conf i g u r a t i o n .
input  power  l ines , the command l ines , t e l e m e t r y ,  these  t e s t s  showed tha t  t h e  f i l t e r i n g  d e s i gn is
and the outputs  of the v a r i o u s  supp l i e s . The iso-  bas ica l ly c o r r e c t .
lation of the command l ines  is ob ta ined  by u s i n g
relays. The relay coils provide electrical isola- IV. SPIB S ‘ les t  R e su l t s
t ion , and magnetic l a tch ing  p rov ides  nonvola t i l e
s to rage  of t h e  received commands. Th e is ola t ion A number of t e s t s  have been p e r f o r m e d
between input , ou tpu t , and the telemetry l ines  is d u r i n g  the SPIBS deve lopment  p r o c e s s  to evaluate
achieved by t r a n s f o r m e r .  Each ind iv idua l  supp ly p e r f o r m a n c e  of v a r i o u s  a s s e m b l i e s  and to v e r i f y
has an output transfornier and , where required , desi gn techni qu es. The types of tests include the
i nc ludes  i sola ted  v o l t a g e - s e n s e  w i n d i ng s  and a fo l lowing :
c u r r e n t  t r a n s f o r m e r  on the pr ima ry for voltage
and c u r r e n t  t e l e m e t r y ,  r e spe ct ive ly .  Ion sour  c a ssembly

Supplies for  d i s c h a r g e, n e u t r a l i z e r  h e a t er , • E l e c t r i c a l  p e i lu r m a n c e
and cathode keeper  a re  f ix ed se tpo in t  supp l ies , 

- Ion sou rce
and are  c u r r e n t  l imited b y s at u r ab l e  r e ac to r  f o r
s h o r t - c i r c u i t  p ro tec t ion .  The b e a m / a c c i V l  and - N e u t r a l i z e d  ion s o u r c e
cathode hea t e r s  supp l ies  u s e  sa tu rab le  r e a c t o r s  

- E l e c t r o n  s o u r c eboth for  cont ro l labi l i ty  and c u r r e n t  l i m i t i n g .  The
neu t r a l i z e r  bias supp ly is t r a n s i s t o r  regula ted .  - Biased e le c t r o n  source
The line regula tor  is a “buck  sv i t c h i n g  r e g u l a t o r  

• PPA i n t e g r a t i o n
which conver ts  the u n r e g u l a t e d  2 4 - to - 32 - V  input
bus to r egu la t ed  2 1  V dc. An input  f i l t e r  is . Endurance
requi red to p revent the ripp le c u r r e n t  gene ra t ed  

• S ta r tup  c y c l i n g
by the line regula to r f rom appear ing  on the input
power bus l ines . • V i b r a t i o n  of ion opt i cs

V V • O p e r a t i o n  in b l ow u f f  coverThe PPA c i r c u i t s  a r e  packaged  on t h r e e
cards , as shown in Fi g. 5. Components  a re  Expellant a ssemblymounted  on both s u r f a c e s  of the m a g n e siu m
channe l - sec t ion  s t r u c t u r a l  m e m b e r .  A typica l  

• Regu la to r  p e r f o r m a n c e  with ion
c i r c u i t  card layout  is shown in Fig.  12 and i llu s -  s o u r ce
t ra tes  the packag ing techni ques .  Both the te rmi-
nal s t r i ps and magnets  are bonded to the p late. • L a t c h i n g  v a l v e  ope ra t ion
Withou t  magne t i c s  m o u n t i n g  s tuds , a re la t ive ly 

• P r e s s u r e  t r a n s d u c e r  ca l ibra t ion
large area is made  available for  component
mounting.  A q u a l i f i c a t i o n  v ib ra t ion  t e s t  of a s ec -  l o w e r  p r o c E s s o r  a s s e m b ly
tion of a typ ical loaded c i r c u i t  card was su cce ss -
f u l l y  p e r f o r m e d  to eva lua te  th i s  p a c k a g i n g  

• B r e a d b o a r d  e l e c t r i c a l  e f f i c i e n c y
approach. 

- V V
• F u n c t i o n a l  e v a l u a t i o n  ol all c i r c uit s

~ 

V . Ion s o u r c e  i n t e g r a t i o n

• E n d u r a n c  us ing  ion source

- ,—., S EMI

I — • Commands and t e l e m e t r y
I 

- - L • Samp le c i r c u i t  ca rd  ibra t ior i

I — The ion s o u r c e  t e s t  c o n f ig u r a t i o n  is shown
I I i n  Fig 13 The f i r s t  v iew wi th  the vacuum

e n c l o s u re .  removed shows th b r eadboard  model
ion s o u r c e  m o u n t e d  on I i i  v a c u u m  e n c l o s u r e  end
plate The second ‘,wv .  shows the normal  test
c o n fig u r a t i o n  wi th  the c n v ,  r open Tes t s  wereV Vt , - .; ~.l  - ‘

~~: -. ‘ : p e r f o r m e d  wi th  the c o v e r  c losed , u s i n g  the gr aph-
i t e  coll ec tor  in th e. ovt  r I i I , i  a s u re  ion c u r r e n t

I 1J W ith  t he  cover  c losed  p im p i n g  o c c u r s  th roug h
the p o r t  seen in Fi~ l3 ( a ,  In a l l  I ‘it s  a g r o u n d

L ~~ - t ”~~;. 
- - sh ie ld  is i n s t a l l e d  o ver  t he  v a c uu i -’ f e e d- t h r o u g h
1 t e r m i n a l s .  T h e  r e ’ , i l a t n r  and l a t c h i n g  valve w e r e

- - - - ‘ a t t ached  to the p lat.. b e h i n d  the v a c u u m  f l ange .
Tes t s  w e r e  c o n d u c te d  w i t h  both l a t , - t y p e  power

I ig .  1 2 . T yp ical I’PA c i r c u i t  c a rd  l a y o u t .  supp l ies  and the b r e a d b o a r d  PPA.
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a

• total extract ion voltage is the sum of the screen
and accelerator voltages , the 1-ky and 2-ky beam
voltage levels correspond to totals of 1. 3 kV and
2. 6 kV , respectively. Operation at all levels is
below the perveance limit.

.1

2.5
‘ XENON PRESSURE — 20± 0.2 pus

OKPR CURRENT — 150 mA
DKPR CURRENT — 100 mA

2.0 — SOLID POINTS — Vb = 2 kv
OPEN POINTS Vb 1 kv

E

,

1

~~~~~~~~~~~~~~~~~ EME3

f tw
-. 

‘ ‘

V
: 

~~1.0 -

V 
V 

I

:~
‘- 

, 
0.5 -

CMD 12
(a) Vacuum en c l i -, i r , ’ removed 

0 

CMD 11

0 40 80 120 160 200
DISCHARGE CURRENT, mA

Fig .  14. Beam cur ren t  ve r sus  discharge cur ren t .
V s

‘ V

in terms of endurance, several tests of
200 to 300 hours duration were conducted to eval-
uate various aspects of the source design. A
600-ho ur test was then conducted to verif y the
engineering model ion optics design. In addition,
startup (on/off) tests to evaluate cycling capabilityp have been pe r fo rmed  with several cathode inser t
confi gurations .  Approximately 400 cycles were

- conducted with the EM inser t  desi gn with no
~. apparent change in characteristics. Most per-

formance, endurance, and cycle tests were
accomplished using the breadboard PPA.

\

~~~~~ 

- A vibration test to qualification levels was
perfo rmed  on the ion optics subassembly mounted

V to a representa t ive  source  body. The pr imary
purpose  of this  test was to provide assurance  that

- _ - (b) Vacuum e n c l o s u re  in s t a l l ed  with blowoff the graphite grids  and tantalum fi laments are
sat is factory dynamically. No difficulties werecover  open
encountered, and an engineering model optics-

V design baseline was thereby established.
Fi g. 13. Ion source  t e s t  con f igu ra t i on .

As a f u r t h e r  ver i f ica t ion  of the eng ineer ing
model system desi gn , an ion source test was per-

Ion Source  A s s e m b ly formed with the blowoff cover closed , but with the
pumpout por t  open. Th is type of test  simulated

R e p r e s e n t a t i v e  ion source  p er f o r m a n c e  data ground checkout operation in which a vacuum sta-
are  shown in F i g .  14 showing  beam c u r r e n t  as a tion will be used to pump the xenon gas t h rough
funct ion  of d i s c h a r g e  c u r r e n t  at two beam vol tages,  the cover pumpout port . Beam cu r r en t s  up to
The d e s i r e d  beam c u r re n t  is Ol)tained b y se lec t ing  1 mA with a beam voltage of 1 kV were  obtained
one of t h r e e  d isc h a r~~’ c u r ren t  l e v e l s .  Since beam without diff icul ty.
c u r r e n t  a lso v ar i e s  s l ig h t l y wi th  beam vdltage , a
to ta l  of s ix  c u r r e n t  l e v e l s  can he obta ined.  Also  Expellant Assembly
i l l u s t r a t e d  in th i s  f i g u r e  is the f ac t  that  per form-
ance is r e l a t iv e l y i n sen s i t i v e  ( I I  k e e p e r  c u r r e n t . The cr i t ica l  por t ions  of the e n g i n e e r i n g

- model expellant assembly have been succes s fu l ly
T yp i c a l  ion  o p t i c s  c h a r a l t I r i s t i c s  a r e  tes ted separately and with the ion source .  Both

p r e s en t -d in l - i ~~. 1 ~ sh l lw i n g  (a )  beam c u r r e n t  the regula tor  and latching valve were  used  d u r i n g
v e r s u s  t o t a l  e x t  r i c t i o n  i I II I ige  and (I, ) a c c e l e r a -  the 600-hour  ion sou rce  test .  In that tes t , a s tan-
t o m  c u r r e n t  vi r s~ is t o t a l  V y (  r .~ t I m  v o l t a g e .  Since dard l ec tu re  bottle was expended from about

11 
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4.00 - f ~~fl I PPA have been eva lua ted , i n c l u d i n g :  ( I )  b a s i c
XENON PRESSURE — 20 ± 0.2 psia o p e r a t i o n  of t h e  ion s o u ri  ‘- l i v e r  t h e  fu l l  power

I KPR CURRENT — 150 mA r a n g e , ( 2 )  op e r a t i o n  and c o n t r o l  of t he  n e u t r a l -
i z e r s ,  ( 3 )  b i a sed  op er a t i o n  of the ’ n e u t r a l i , e r ,3.00~~ -

PERVEANCE (4 )  ope ra t ion  of both e le c t r o m e ter s ,  ( 5 )  o p e r a t i o n
2.50 r L I MIT DISCHARGE - f rom sim u l a t e d  g round  i i e i i i r n a n d s . and ( ‘ i  ca ll-CURRENT b ra t ion  of t e l e m e t r y  o u t pu t s .  Based on t h i s  rela-
2.00 b ~~~~~~~~~~~~~~~~~~~~~~ 

~ 
t ive ly  e x t e n s i v e  t e s t i n g  of the  b readboard , the

z Pl’A ci  r c , i i t  d e s i g n  was f i n al i  V, C V C I  for  e n g i ne e r i ng
100 mA~ model  fa l ,r n  at  on .

1.50 ‘
~~ • •

1.00 - - The PPA packagin g concep t shown pre-
v ious l y in Fi g. 12 was e v a l u a t e d  d y n ami c a l l y .  A

LA 15-cm leng th  of a c i r i . u i t  c a rd  was  a s sembled20 mA , -u s i n g  the p roposed  e n g i i t e e - r i i ~g model  f a b ri c a t i o n
~ 0.40

0.20 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t echn i ques .  M a g n e t i c s  and t er m i n a l  s t r i ps were

bonded to the m a g n e s i u m  p la t e . du m m y  compo-

___________ I - 

nents were installed and the card was  conformal l y
coated.  A q u a l i f i c a t i o n  level v i b r a t i o n  t e s t  was

0.4 0.8 1.2 1.6 2.0 2.4 2.8 conducted  wi thou t  i nc iden t .

TOTAL EXTRACTION VOLTAGE , kV E MI  t es t s  we re  p e - r I I ) r i I i e d  on t 1~.- bread-
board for c o n d u c ted  e i l l i s s i o n s  a i d  su s c  e p t i b l l i t l

(a) Beam c u r r e n t  v e r s u s  total  e x t r a c t i o n  u s i n g  M I L  511)  4 61A as a r e f e ren c e .  tV i l t e r s
vol tage  added to the l ine  r e g u l a t o r w , - r . - found to satisfy

the m a j o r  r e q u i r e i i t i - n t s .  S l i g ht c h a n g e s  to the
l ine  r e g u l a t o r  c o n t r o l  r e sponse  were  i m p l e m e n t e d
to mee t  s u s c e p t i b i l i t y  r e q u i r em e n t s .

XENON PRESSURE — 20 ± 0.2 psia
KPR CURRENT l5O mA Sys tem Ope ra t i on

The SPIBS e l e m e n t s  have been tes ted m d i -

DISCHARGE 
ca t ion  of sys tem p e r f o r m a n c e  is shown in Fi g. 16
v i d u a l l y ,  in p a i r s , and as a s y s t e m .  A good m d i -

in which i n p u t  power is p r e sen t ed  as a f u n c t i o n  of
~~~100 CUR RE ta w e r e  taken wi th  the

20O
~~~~~~~~~~~~~~~~~~ k~~~~~~~~~~~~~~~~~~~~~~~~~

200 mA 
— ope ra t i ng  mode .  These  da

“INSTR ”CAl’ IIOOE VV ION GUN EMISSION EMISSION BIAS~~~~~60
100 m A  

— 

ON” 
~~~~~~~~~~~~~~ 
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V 
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Vb OFF OFF 1 kV 1 kV 2 kV 2 4eV
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IV~~= 1kV 
Vb = 2 kV
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V (b) A c c e l e r a t o r  c u r r e n t  v e r s u s  to ta l  ex- 30
t r a c t i o n  vol tage

z
Fig .  15. Ion opt ics  c h a r a c t e r i s t i c s .  —

20

• .-. —• — —. —• —
O F F ON OF F ON OFF ON ON

600 p sig  down to about 10 psi g. The p r e s s u r e
t r a n s d u c e r  type s e l e c t e d  f o r  the EM s y s t e m  was 

t o  
_______ 

N E U T R A L I Z E R
c a l i b r a t e d  over  the expected p r e s s u r e  r ange  and
was fo und to be s table  w i t h i n  ± l O 1~ over a t emper -
a t t i r e  r ange  f rom -40 to +80°C.

Power  P r o c e s s o r  A s s e m b l y
OP ERATING MODES

The m o s t  l e n g t h y t e s t i n g  of t h e -  PPA has
o c c u r r e d  in c o n j u n c t i o n  w i t h  ion s o u r c e  en d u r a n c e -  F i g .  I ‘ - . SPI ll S  i l I j i l i t  p l iw e r  as Vt f ur l In i)f

t e s t i n g .  V i r t u a l l y  all f u n c t i o n a l  a spec t s  of the I p t -  r a t  in,. nuol,
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breadboard sys t em.  The f i r s t  command “ in st r u -  A C K N O W L E D G M E N T S
rnent  on ” ac t iva tes  the l in e ’  r egu la to r  and ac dis-
t r i bu t ion  i n v e r t er  to allow housekeep ing f u n c t i o n s  Vfhe a u t h o r s  w i s h  to express  t h e i r
to be moni tored .  The “cathode p r e h e a t ”  c~oniniand  a p p r e c i a t i o n  to the many  SF115 5 p r o g r a m  par t ic i -
t u r n s  on the cathode hea te r  and d i s c h a r g e  supp ly. pants for  t h e i r  ded ica t ion  to th i s  work.  In par ticu-
After  a period of a few minu tes  I - S  t y p i c a l l y ) ,  lar ,  H R L  s ta f f  m e m b e r s  D. J. Hopper and N. Buck

V keeper voltage is applied and the d i sch a r~ e i g n i t e s , for  PPA des i gn and t e s t i n g ;  Sei j i  Kami for ion

• When the d i s c h a r g e  voltage fa l l s  below 40 V, the  sou rce  and m e c h a n i c a l  desi gn; J. D . Thompson for
cathode heater is au tomat i ca l ly t u r n ed  o f f .  F rom ion sou rce  t e s t i n g ;  and C . R. Collet t  for system
this point on , a wide r ange  of op t ions  a r e  ava i l -  i n t e g r a t i o n .  W . P. Lynch of AFGL provided valu-
able for  beam c u r r e n t , beam voltage , neutraliza- able a s s i s t a n c e  in developing the mechan ica l
tion, and biasing. A few of the typical modes are desi gn , the blowoff cover, and interface require-
illustrated in Fig. 16. Although b i a s i n g  is i l l u s -  ments .  W. l-luber of Tn -Con Assoc ia tes, Inc . ,
t rated only for full  beam power,  the complete bias t i r e l e s s ly a ssi s t ed  AFGL and H R L  in reviewing
range of ± 1 kV can be used with any beam current power processor desi gns and in pr eparing inter-
or voltage sett ing.  C o n s i d e r i n g  that the sys t em face  documents.
can be operated as an ion source alone , as a
neu t ra l i zed  ion sou rce , and as an e lec t ron  source  R E F E R E N C E S
alone, each with and without biasing, a total of
29 0 operat ing modes are available with SPIBS. I. DeForest, S. E., “Spac ecraft Charging at

Synchronous  Orbi t , Journal of Geophysical
R e s e a r c h, Vol. 77, No. 4 , p. 65 1 - 659, 1972.

V. Conc lus ions
2 . F r e d r i c k s , R , W . ,  and Scarf , F. L. ,

As a result of the work descr ibed in this Observat ions  of Spacec ra f t  C h a r g ing Effects
- I paper , a satellite ion-ejection instrument has been in Energetic Plasma Reg ions , “ Photon and

designed and built. The flexibil i ty of th is  in s t r u -  Pa r t i c l e  Interact ions with Sur faces  in Space ,
onent should make it a valuable tool in the s tud y of D. R e i d el  Pub l i shing  Co. , Doro recht-Holland ,
satellite charg ing on SCATHA and on other space p. 277 - 308 , 197 3.
vehicles. The SPIBS desi gn provides a life of
more  than 300 hours , and sa t i s f ies  the SCATHA 3. Rosen,  A., “Large Discharges and Arcs on
satellite instrument requirements on weight, Spacecraft, “ AIAA As t ronau t i c s  and Aero-
power, EMI, and quality assurance. Demon- nau t i c s , p. 3 6 - 4 4 , June 1975 .
strated capabilities and f ea tu re s  that cont r ibute
to the instrument’s f lexibi l i ty include: 4. M cPherson, D. A . ,  Cauf fman, D. P. ,  and

Schober, W., “Spacecraft Charging at High

V 1. Abil i ty to eject an unneut ra l i zed  ion A l t i t udes  - The SCATHA Satell i te Program ,
beam having a current range ofO. 3mA AIAA Paper 75-92, AIAA 13th Aerospace

to 2 . 0  mA at beam energ ies of 1 keV Sciences M e e t i n g ,  Pasadena, Cal i fornia,
and 2 keV, January 1975.

2. Abi l i ty  to eject a partially or f u l l y  5, Bartlett , R. 0., DeFore s t, S. E .,  and
neutral ized ion beam having the above Goldstein , R . ,  “Spacecraf t  C h a r g ing Control
c u r r e n t  and voltage range.  Demons t ra t ion  at Geosynchronous  Alti tude, “

V AIAA Paper 75-357 , 11th Electr ic  Propulsion
3. Ability to bias the neutralized ion C o n f e r e n c e, Ma rch 1975 .

beam relat ive to satel l i te ground over
the range of -1 kV to +1 kV. 6. DeFores t, S. E. and Goldstein, It. , iIfi~ Study

of E lec t ros ta t i c  Charg ing  of ATS—5 Satellite
4. Ability to emit e lect rons ,  wi thout  an D u r i n g  Ion T h r u s t e r  Opera tion , “ Final Tech-

ion beam from the neu t r a l i z e r  f i la-  nical Repor t ,  Con t rac t  NAS JPL 953675 , Jet
ment  which can be biased from - 1 kV Propu l s ion  Laboratory,  Pasadena, Cal i fornia,
to +1 kV relat ive to satelli te ground.  December  1973.

V 
5. Ability to detect  neu t r a l i ze r  emiss ion  7, Worlock , R . ,  Davis , J. J . ,  James, E.,

and net c u r r e n t s  ( ions or electrons ) Ramirez , P . ,  and Wood , 0., ‘tAn Advanced
between the SPIBS i n s t r u m e n t  and Contact Ion M i c r o t h r u s t e r  Sys tem , “ AIAA
satellite ground down to a level of 2 isA. Paper 68-552 , AIAA 4th Propuls ion  Jo in t

Specialist Confe rence, Cleveland , Ohio ,
6. Operation with xenon to avoid possible June 1968.

expellant in teract ions  with the
satellite. 8. Hyman, J., Dulget’reff, C. It., Kam i , S., and

Wil l iamson, W. S. ,  “One-Mi ll i pound M e r c u r y
7. P r o v i s i o n s  for ground operat ion of the Ion Thrus t e r , ‘ J ou rna l  of Spacecraf t  and

ion s o u r c e  and sys tem dur ing  the Rockets , Vol 13, J une  1976 , p. 366-  372 ,
satel l i te  i n t e g r a t i o n  phase .

- 9. H ymnan , J., “Development of a 5-cm Flight
Qualified Mercury Ion Thruster , “ Journal of
Spacecraft and Rockets , Vol 10, A u g u s t  1973.
p. 503 - 509.
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